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@ Diagnostic method for checking the blood flow. 



@ A method of perfomiing heart surgery comprises preparing a patient for coronary bypass surgery, 
assessing blood flow characteristics in the heart region, making decisions on graft locations and the 
number of grafts based upon the blood flow characteristics and completing the surgery. The method is 
also useful for surgery on other tKxiity organs and regions. 
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DIAGNOSTIC METHOD FOR CHECKING THE BLOOD FL W 



The invention relates to a diagnostic method for 
checking th blood flow In vascular regions, particu- 
lariy for measuring the blood flow at the surfiace of the 
heart 

During coronary artery bypass surgery, the sur- 
geon must make certain decisk)ns about which 
arteries should be bypassed. Presently, two factors 
play the primary role in determining the choice of 
arteries to be bypassed. First, the cardiac catheteri- 
zation studies before surgery provide infomiation that 
assists in this decision-making process. After coro- 
nary arteries are Injected with radiopaque dye, the 
arteriogram demonstrates which arteries are nar- 
rowed and the relative extent of that narrowing. Sec- 
ond, the physician must use his or her experienced 
Judgment about the feel and size of the arteries at the 
time of surgery. Hard-walied arteries and very small 
arteries are less likely to be success^I graft recipients 
than soft-walled and larger arteries. 

There are short-comings in relying primarily on 
these two factors. These factors are based on struc- 
tural considerations rather than upon blood flow and 
functtonal considerations. For example, obstructions 
which are present in primary and secondary branch 
arteries may not be demonstrated by the arteriogram. 
This condition can exist In advanced coronary artery 
disease as well as in diabetics, and also In areas of 
the heart which have been damaged by heart attacks. 
Not recognizing these obstructions can lead to inad- 
vertent Incomplete revascularization despite techni- 
cally satisfactory grafts Into apparently adequate 
coronary arteries. Additionally, the presence of small 
"collateral" arteries can simflariy go undetected. Suf- 
ficient size and numbers of these small "collateral" 
arteries can make additional grafts of the large 
arteries unnecessary. In general, the present deter- 
minants are static factors applied to an operative pro- 
cedure which has dynamic parameters from a medical 
perspective. 

The long-term patency of bypass grafts has been 
known to depend primarily upon three factors : (1) the 
head of blood pressure, (2) technically satis^ctory 
grafts and anastomoses, and (3) a good run-off bed. 

In coronary bypass grafting, the head of blood 
pressure always comes from the aorta or one of Its 
main branches, since this is always the best available 
head of pressure, and, therefore, depends upon the 
condition of the aorta and Its ntain branches. The ade- 
quacy of the grafts and the anastomoses Is a result of 
tiie skill of the physician. WhHe the skEl fector Is uIQ- 
mately determined on a surgeoivby-^urgeon basis, it 
can be generally be assumed that toda/s highly skO- 
led surgeons in a competitive atmosphere produce 
generally uniformly good grafts and anastomoses. 
Because thes first two factors largely are predeter- 



mined, It can be said that the tong-tenn patency of 
bypass grafts depends upon the remaining factor, the 
run-off bed. 

5 It Is known that grafts carrying a low flow of blood 

will very likely dot, and that grafts carrying a high flow 
of blood will very likely renoain patent Surgeons have 
been unable adequately to measure the flow require- 
ment of a coronary run-off bed prior to the implan- 

f 0 tation of a bypass graft Once a bypass graft Is placed 
and functional. It is at that time possible to estimate 
the flow requirement of the coronary run-off t>ed by 
measuring the flow of blood through the graft with a 
flow meter. It would be usefid to be able to estimate 

is the flow requirement prior to placing a graft, however. 

In elective coronary bypass surgery, an attempt Is 
often made to place grafts into all vessels with signifi- 
cant proximal stenoses. Sometimes Jump grafts are 
placed into the same vessel for multiple significant 

20 stenoses. In emergency bypasses, sometinnes only 
the most significant stenoses are bypassed, and 
knowledge of the dynamic flow characteristics In the 
heart region is incomplete because the patient's con- 
dition mandates prompt surgery and the cessation of 

25 further studies. 

In all of these circumstances, the surgeon must 
make decisions based on angiographic estimates of 
restriction of blood flow due to severity of areas of 
arterial narrowing without knowledge of some other 

30 useful and Important factors. Some of the factors 
which the surgeon would not have knowledge of 
include severity of flow restriction by an area of nar- 
rowing, collateral flow of blood from neighboring 
arteries, shared perfusion beds, or, in some cases, 

35 even the status of the remaining arteries. Knowledge 
of shared perfusion beds is important because place- 
ment of competing grafts may endanger the outcome 
of surgery by Jeopardizing the survWal of an or^insd 
graft as weS as the competing graft Also, Jump grafts 

40 are technteally more difficult to perfomn and are more 
likely to fail than siniple grafts and are, therefore, to 
be avoided, if possible. Likewise, In some emergency 
situations, there is insufficient time to perform com- 
plete angiography which could Indicate the need for 

45 further bypass grafts. 

In many cases, tiiermal imaging may help in 
achieving a thorough revascularization in tiie shortest 
time of total cardiopulnionary bypass and with the 
greatest chance of long-term patency by providing 

60 useful and important information that permits the 
elimination of technical problems with anastomoses 
and competition of grafts in low flow situations. 

The Invention disclosed herein comprises a 
metiiod of peribrming heart surgery which facflltates 

55 decision-making of tiie surgeon at the operating table 
by providing non-invasiv , on-lin Information about 
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dynamic variables of concern. 

It ts an bject of th invention to provide new and 
useful methods of selecting arteries which are to be 
bypassed during coronary bypass surg ry, as well as 
the numt>er of arteries to be bypassed. It is a further s 
object to provide new and useful methods of perform- 
ing heart surgery by using procedures which are 
based on factors beyond those which are commonly 
used today. 

It also an object of the invention to provide new io 
and useful methods of performing heart surgery by 
restricting potentially harm^l competitive grafting. 

It ts another object of the invention to provide sur- 
gical techniques which permit the surgeon to con- 
sider, at the operating table, which arteries should is 
receh^e grafts on a dynamic, flow-detenmined basis 
rather than relying exclusively on static, structure-re- 
lated factors. In particular, It Is a further object of the 
invention for the surgeon to be able to judge whether 
an additional graft is needed in an area where one or 20 
more grafts have already been placed, or whether an 
additional graft would be superfluous or undesirat>le. 

It is yet another object of this invention to provide 
new and useful methods of peforming heart surgery 
which can yield improved results over the short tenm, 25 
the long term, or both, 

A still further object of the Invention is to provide 
methods of performing heart surgery which employ a 
means for dynamically estimating blood flow charac- 
teristics. 30 

The invention of this application can achieve 
some of these objects by employing an apparatus that 
aids In estimating dynamic blood flow in the heart and 
surrounding areas and visually displays the results of 
such measurements. One means for dynamically 35 
measuring blood flow characteristics is an inlra-red 
sensing device utilized to map surface temperatures 
of the heart in order to identify areas of Inadequate 
blood flow, areas of distribution of blood flow by indi- 
vidual coronary arteries, and areas adequately sup- 40 
piled with Wood flow. This information can be 
displayed on-line, in color or gray scale with computer 
enhancement Further, such infbnnation can be 
saved on a recorder for post-operative evaluation. 
Some of the objects are achieved by utilizing a means 45 
for estimating volumetric blood flow. A means for 
estimating volumetric blood flow provides information 
about blood flow on a dynamic and location-spedfic 
basis. Once infonmation of the foregoing types is pro- 
vided to the surgeon, the surgeon can make infonned 50 
decisions aboiA where to place grafts to improve the 
likelihood of successful coronary bypass surgery. 
Also, it will enable the surgeon to make informed deci- 
sk)ns In treating surgically some of the results of G(»ro- 
nary obstructions, such as acute and chronic 65 
aneurysmectomy. 

The invention of this applteation can achiev 
other of these objects by provkling methods of 



evaluating and preventing potentially harmful com- 
petitive grafting of coronary arteries. 

Other benefits and advantages of the present 
invention will become readily apparent to those skilled 
in the art from the following detailed description of the 
invention, the drawings and the appended claims. 

In drawings fonning a portion of the disclosure of 
this invention in which cool areas are white and wamn 
areas are black and each area will be Identified as 
supplied by a separate artery : 

FIGURES 1a and 1b are front elevational views 
showing the heart and surrounding areas which 
are Involved In coronary bypass surgery in which. 
In FIG, la, one artery exhibits moderately severe 
obstruction and has a warm area due to poor per- 
fusion of cold solution. The graft to the artery 
shown in FIG. 1b beyond the obstruction cools 
the previously warm area due to good perfusion 
of cold solution from the graft ; 
FIGURE 2 is a front elevational view of the heart 
and various arteries in which three moderately 
severe obstructions are present, one in the 
proximal artery, one In a major branch, and one 
in the distal artery beyond the origin of the major 
branch ; 

FIGURE 3 is a front elevational view of the heart 
of FIG. 2 in which one artery has a graft beyond 
its ot>stnjction ; 

FIGURE 4 Is a front elevational view of the heart 
of FIG. 2 In which two arteries have grafts beyond 
theor obstojctions ; 

FIGURE 5 is a front elevational view of the heart 
of FIG. 2 In which one artery has a graft and a 
Jump to another artery ; 

FIGURE 6 is a front elevational view of the heart 
of FIG. 2 in which two arteries have grafts beyond 
theb* obstructions ; 

FIGURE 7 is a front elevational view of the heart 
of FIG. 2 in which one artery has a graft and a 
jump to another artery and a graft to a third artery. 
FIGURE 8a is a front elevational view of the heart 
of RG, 2 in which a warm area is present due to 
poor perfusion involving the shared perfusion 
fields of two arteries ; 

FIGURE 8b is a front elevational view of the heart 
of FIG. 8a In which a graft has been placed to one 
artery beyond its obstruction, thereby creating a 
cooling of the previously v/arm area of FIG. 8a In 
the shared perfusion fields of the two arteries ; 
FIGURES 9a and 9b are front elevational views 
of tiie heart of FIG. 2 in which a graft to one arteiy 
is unable to cool the entire previously wami area 
due to a lack of collateral vessels between the two 
arteries ; 

FIGURE 1 0 is a front elevational view of the heart 
of FIG, 2 illustrating a warm area of inadequate 
perfu^on in ttie fields of all thre arteries ; 
FIGURE 1 1 ts a rear elevational view of the heart 
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In which a graft has been placed to an artery In th 
back of th heart evldendng moderately severe ^ 
obstmctlons of two arteries with cooling only of 
the perfusion field of the artery having th graft ; 
and 

FIGURE 12 is a rear elevatlonal view of the heart 
of FIG. 1 1 1n which a graft has been placed to the 
same artery as previously, but now evidencing 
cooling of the perfusion fields of both arteries due 
to good collateral vessels between the arteries, 
thus defining a shared perfusion field. 
The present invention Is directed to a diagnostic 

method for checking the Wood flow in vascular reg- 

k>ns. 

WHh reference to FIGS. 1-12, after the chest 
cavity has been opened for surgery on the heart. It Is 
possible to obtain color-coded information about 
blood flow in and around the heart from a means for 
dynamically estimating blood flow characteristics. For 
example, an infra-red sensing device can provide a 
map or profile of surface temperatures throughout the 
heart region during surgery. These temperatures can 
be depicted quite vividly by assigning different colors 
of the spectrum to predetermined temperature 
ranges. This graphic depiction of temperature 
throughout the heart region can be correlated to the 
blood flow through the heart, the coronary arteries, 
the grafts, other component and supporting parts, and 
sunrounding areas, ghdng useful Information about the 
volume of blood flow as well as the flow paths or direc- 
tkmatity of the blood flow. By having a constant and 
dynamic source of Information about blood flow in the 
heart area, the surgeon can make Informed decisions 
about grafting. 

The means for dynamically measuring blood flow 
characteristics described hereinafter is capable of 
providing a color-graphic or gray scale depiction after 
the heart temperature is intentionally changed with a 
perfusing solution. While the heart Is arrested, the 
coronary arteries are perlused with the solution. 
Exemplary solutions capable of perfonming this fimo- 
tion Include cardioplegia solution, vein perfuston sol- 
ution, and blood solution. 

The perfusing solution can be infused Into the 
heart by any of several methods. These include direct 
Infusion into the coronary arteries and infusion Into the 
proximal aorta when it has been distaily cross-clam- 
ped. Moreover, the heart temperature can be 
changed by changing the entire body temperature 
due to drculating cooled or warmed perfusate fltsm a 
heart-lung machine. The heart may also be cooled 
externally by instilling a cold solutton into the sac 
around the heart, or by placing a cold, fonrvadapting 
device against ttie surface of the heart 

The temperature or the cooled perfusing solution 
should have about five degrees Centigrade variance 
from the temperature of the heart surface prior to the 
infuston. An Infra-red means for dynamically estimat- 



ing blood flow characteristics can easDy measure the 
temperature of the heart surface, which allows a 
determination to be mad of how cool or warm the per- 
fusing solution should be In order to provide a fiv 

5 degree variance. 

Once the coronary arteries are perfused with a 
solution different In temperature from the surface of 
the heart by about five degrees Centigrade, areas of 
temperature change spread out from the coronary 

10 artery and its major branches to delineate the perfu- 
sion field of each coronary artery. This effect of a 
spreading temperature change can be converted Into 
a visually perceivable image tiirough the use of a non- 
invasive means for dynamksally measuring blood flow 

15 characteristics. As noted above, an infra-red sensing 
device can be utilized as a non-invasive means for 
dynamically animating blood flow characteristics. In 
particular, an Infra-red system produced by AGEMA 
Infra Red Systems (the AGEMA 870} can t>e cus- 

20 tomized to work well as a means for dynamically 
estimating blood flow characteristics. The AGEMA 
870 has heretofore typically not been used for this 
purpose ; however ; the apparatus can be adapted by 
techniques known to those skilled in the art to perform 

25 the desired function of estimating perfusion flelds of 
blood vessels, and thus can t>e adapted for use In the 
methods of the present Invention. This optionally 
involves the use of a reflecting Infra-red mirror, a 
zoom ler)s with a focusing device, an adaptor and a 

30 video recorder, a keyboard for entering identifying 
information, a computer with innage enhancement 
capabDity, a stand for the axtrror, a rolling cabinet for 
the other equipment, a power source suitable for the 
operating room, two color monitors and a means for 

35 changing tiie angle of the mirror remotety. 

The perfusate Is maintained at the patienf s nor- 
mal mean arterial blood pressure, and the perfusion 
fleld delineation is essentially complete within about 
thlrtysecondsafterlnfusion. Areas of the heart thatdo 

40 not show significant temperature change, as depicted 
by the means for dynamically estimating blood flow 
charact«1stics, are inadequately perfused and may 
require grafting. 

Individual coronary arteries can also be perfused 

45 by infusing cold or warm solution Into the proximal end 
of a graft to that artery, if the arter/s perfusion fleld 
includes a nearby coronary artery, and the fk>w is high 
enough, no additional graft may be required to that 
neartjy artery. 

60 The methods of the present Invention are as sen- 
8^ as artertography, but have the advantage of 
demonstrating changes bi the heart and related areas 
In a dynamic, blood-flow dependent ^hfon rattier 
than relying solely on structural factors titat showarte- 

55 rial narrowing which may or may not be functionally 
significant, for Instance, In the case of multiple sten- 
oses In one artery. Additionally, the nietiiods of the 
present inv ntion give mora precis relative infor- 
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mation from which the surigeon can make grafting 
decisions at th operating tatrie rath r than relying 
upon the fee] and siz of the artery. 

For example, ff a patient with a recent infarction, 
or advanced age or with diabetes mellitus, has occlu- s 
sions of branch arteries so that an area of the heart is 
not adequately perfused after a graft has been placed 
to the regional artery, then another graft wfll have to 
be placed Into a nearby artery, even if such a nearby 
artery has only a minor obstruction or seems to be a io 
small and insignificant vessel on arteriography and 
would, therefore, normally not be chosen as a graft 
recipient Conversely, if a patient has adjacent 
arteries that are both signiflcantiy obstructed, and a 
graft to one of these arteries has been placed, one can is 
then flow cold solution through this graft and see the 
perfusion field of this artery (FIG. 11). In some inst- 
ances, the artery's perfusion field will overiap the sec- 
ond artery (FIG. 12). Should the temperature change 
spike over the second artery, and should the blood 20 
flow tiirough the first graft be high, then a second graft, 
into the second artery, will likely not be necessary. 
This situation is seen not infinequentiy at the operating 
table, and Is clinically recognized after the second 
artery is opened and the perfusate firom the first artery 25 
floods the operative area. In fact, placing an unneces- 
sary graft could endanger the survival of both grafts 
since long term patency depends in part upon the 
volume of flow, and placing competitive grafts dec- 
reases the flow in each graft This situation until now 30 
has not been discoverable before opening the second 
coronary artery, at which point one is essentially com- 
mitted to placing the second graft 

In particular, one preferiBd method of the present 
invention of perfonning heart surgery comprises an 35 
assessment of the regional distribution of blood fiow 
during open-heart surgery, both before and after coro- 
nary artery bypass grafting, as follows, Heparinizata- 
ion, arterial and venous cannulation, and institution of 
cardio-pulmonary bypass are accomplished in the 40 
usual fashion as are well-known in the art. as well as 
core-oooling If desired. Saline slush Instillation into 
the pericardial sacfor extemal cardial hypothennia is 
optional. When electrocardiographic changes occur 
on the EKG nnonitor, the ascending aorta can be dis- 45 
tally clamped and cold cardioplegia solution (at about 
four degrees Centigrade) infused via a needle cathe- 
ter into the proximal aorta. As a result of eitiier cold 
cardioplegia Infusion, or of core-coding, or both, a 
temperature difterential Is produced between the so 
cooled areas of myocardium supplied by the patients 
open coronary arteries and the background of ^e 
warmer areas, which are pooriy perfused areas of 
myocardium Inadequately supplied by obstructed 
coronary arteries. ss 

A means for dynamically estimating blood flow 
characteristics is employed to denrionstFEUe in color or 
gray seal and with on-lin computer enhancement 



the temperature proflle in the vicinity by utilizing cer- 
tain predetermined color ranges. For example, it has 
l>een found that in accordance with the present inven- 
tion, a ten color range over a five degree Centigrade 
range works well, each color then representing a one- 
half degree Centigrade temperature change. 

After the differential cooling of the heart and sur- 
rounding areas is demonstrated by the means for 
dynamically estimating blood flow characteristics, a 
suitable vessel for bypass is identifled. Upon comple- 
tion of the coronary-graft anastamosis, the graft is 
then infused with cold cardioplegia solution. Still using 
the means for dynamically estimating blood flow 
characteristics, the previously pooriy supplied area of 
myocardium can be re-evaluated. A monitor displays 
the previous thermographic appearance of tiie pooriy 
supplied, warmer area while the now well-supplied 
and cooler area is displayed on a second, on-line 
monitor. By comparing images on the two monitors, 
the surgeon can detect changing blood flow patterns. 
The surgeon is then in a position to make informed 
decisions about the need for additional bypasses, the 
choice of arteries for bypasses in that area, as well as 
the possible deleterious efects of further bypasses in 
the same area. The same steps are repeated until all 
areas of the heart have been so evaluated, and the 
operation is then completed in the usual fashion. 

The methods of the present invention are further 
illustrated with reference to the following examples. 

EXAMPLE 1 

This example concerns artery 3 in FIGS. 1a and 
1 b. As seen in these figures, there is an obstruction 
In the proximal portion of the artery. The cold solution 
has been infused through the root of the aorta and 
flows into the coronary arteries. Due to the obstruction 
in artery 3, less cold solution reaches the artery's per- 
fusion field, which, therefora, remains wanner. This is 
evidenced by the means for dynamically estimating 
blood fiow characteristics utaizing a ten-color scale or 
a gray scale. Agraft is then anastomosed to the artery 
3 beyond the obstruction, and, when it Is Infused with 
cold sdutton, the prevtously warm area then becomes 
cold, again shown thermographically by a ten color 
scale or in gray scale. The surgeon then has dynamic 
proof at tfie operating table that the graft is functioning 
as it was intended to, by perfusing an area previously 
inadequately perfused. 

If It Is assumed that the ol>struction in artery 3 is 
less severe, for instance, only 25 percent, but a long 
leston instead of a discrete one, the decision whether 
to graft such an artery or leave ft alone becomes one 
of the surgeon's judgment, based upon the 
arteriographic findings, the spectflc artery which is 
invoh^ed, the condition of neighboring arteries, the 
number of otiier arteries to be grafted, the patient's 
condition, the condition of th ventricle, etc. However, 
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thermographlcally, th surgeon wOl have solid data 
upon which to base hts or her decision. If the area per- 
fused firom the artery in question is ad quately cooled 
by the solution infused Into the aort! root^th n there 
is nourgentneedtograft the vessel. Conversely, if the 
perfusion bed remains warm, then there is an obvious 
need to bring more blood flow into the area by placing 
a graft 

EXA1^PLE2 

With reference to FiG. 2, there is a 50-75 percent 
narrowing of artery 3 as well as a 50-75 percent 
obstruction of artery 4 and a 75 percent obstruction of 
artery 5. A number of different treatment possiblities 
e;dst: 

a) A graft to artery 4 only (FIG. 3) ; 

b) Grafts to both arteries 4 and 5 (FIG. 4) ; 

c) A jump graft to arteries 3 and 4 (FIG. 5) ; 

(0 Grafts to both arteries 3 and 5 (FIG. 6) ; and 
e) A jump graft to arteries 3 and 4 and a graft to 
artery 5 (FIG. 7). 

Again, the choice of the various main possibilities 
is one of the surgeon's judgment By utilizinig a means 
for dynamically estimating blood flow characteristics, 
as described above, further information can be 
obtained which will strongly influence the decision- 
making process. 

There are two main possibilities. First the area of 
inadequate perfusion Is limited to the area befow the 
origin of arteries 4 and 5. Second, the area of inade- 
quate perfusion is the entire perfusion field of arteries 
3, 4 and 5. 

In the first instance, as shown in FIGS. 8a and 8b, 
there will very probably be no need to place a graft into 
artery 3. A graft is, therefore, placed into artery 4 and 
the graft perfused with cold solution. If the area previ- 
ously warm now becomes cold, no additional graft will 
likely be needed. However, if artery 4 is judged to be 
too hard or too small to be a good graft recipient a 
graft is placed into artery 5, By the method of the pre- 
sent Invention explained above, it is possible to know 
whether sufficient collateral vessels exist to obviate 
the need to attemptto graft into the poor quality artery 
4 as well. Conversely, If the graft to artery 5 does not 
adequately revascularize the previously inadequately 
perfused area (FIG. 9), then the surgeon has a 
dynamic estimatton of blood flow characterfsQcs upon 
which to base a decis ton to graft artery 4 even though 
it appears to be of poor quality (FIG. 7). 

If it is assumed that the other possibility exists, 
that the inadequately perfiised area comprises the 
entire perfusion bed of arteries 3. 4 and 5 (FIG. 10), 
since the distal coronary artery obstruction is only 50- 
75 percent it Is theoretically possible that this obstruc- 
tion wHl transmit enough blood in a retrograde fashion 
so that a graft to artery 4 will also supply artery 3. A 
graft Is, therefore, placed to artery 4 (FIG. 3) and the 



method of Example 1 is repeated to see if the perfu- 
sion field of artery 3 Is adequately supplied with flow. 
If it is not then the graft Is converted into a jump graft 
as in FIG. 5. 

5 Conversely, if artery 4 is felt to be a poor quality 

vessel, a graft can first be placed into artery 3. If the 
flow to the perfuston bed of artery 4 Is good, tiien tills 
poor quality artery will not necessarily need to be 
opened. If tiie flow is not enough, as seen ther- 

10 mographically, and artery 5 seems to be a s^nlfio- 
antiy better vessel, a graft is then inserted into artery 
6 (FIG. 6) and the mettiod of Example 1 is repeated. 
If the flow to the prevtously inadequately perfused 
area now is acceptable, the surgeon is left with the 

15 treatment posslblity as shown in FIG. 6. If the flow still 
is not good enough, then the surgeon has a valid 
reason, based on dynamic blood flow characteristics, 
for placing a third graft into artery 4 despite the 
increased risk (RG. 7). 

20 In ttie above examples, the grafts discussed have 
been primarily discontinuous grafts, whose distal 
ends are anastomosed to a coronary artery and 
whose proximal ends are available for infusion witii 
cold solution. Subsequentiy, the proximal ends of the 

25 grafts are anastomosed to a source of arterial blood 
flow witfi a good head of pressure, usually the 
proximal aorta. 

It is occasionally preferable to anastomose the 
proximal end of a discontinuous graft to the proximal 

30 aorta prior to anastomosing the distal end to a coro- 
nary artery. The steps of Example 1 can be followed 
witii one modification, that Is, cold solution is infiised 
into the graft by infusing it into the aortic root instead 
of directiy into the graft. The odd solution will, of 

35 course, flow also into the native coronary arteries as 
well as Into any previously anastomosed grafts, but 
tills will cause no confusion as inadequately perfused 
areas will still remain wanmer, and adequately per- 
fused areas will all attain essentially the same cool- 

40 ness. 

Sometimes, continuous grafts are used, usually 
arteries proximally attached to their anatomic origins, 
such as the internal mammary artery or the gas- 
troepiplote artery. In order to define the perfusion field 

45 of a coronary artery to which such a graft is anastom- 
osed, one must temporarily remove the atraumatic 
damp from the graft which keeps ttie graft flnom bleed- 
ing Into the field. Once the clamp is removed, tiae bo- 
dy-temperature blood is pennitted to flow through the 

so graft and Into the coronary artery and ite perfusion 
field. Usually the body temperature is more tiian five 
degrees warmer than even the inadequately perfused 
"warm" areas of tiie heart and a good reading can be 
obtained. If tiie body^temperature is less tiian five 

65 degrees wanner, the heart can be quickly cooled 
externally vntii tiie Instillation of cdd slush into the 
pericardial sac before releasing the atraumatic damp 
and then following the method of Example 1, except 



11 EP 0 439 018 A1 12 

that the area of the perfusion bed will b defined by 
wanning rath rthan by cooling. 

Although the abov examples concern appli- 
cations of the present invention for heart surg ry, it 
will be readQy apparent to those skOled in the art that s 
the methods of the present invention are also applic- 
able to surgeiy on other organs and areas of the body, 
such as the liver, kidneys, spleen, etc. 

The foregoing is intended as illustrative of the pre- 
sent invention but not limiting. Numerous variations io 
and modifications may be effected without departing 
from the true spirit and scope of the invention. 



Claims is 

1. A diagnostic method for checking the blood flow 
In vascular regions, characterized In that a per- 
fusing solution having a temperature different 
from that of the surface of the heart is infused Into 20 
the vessels, and the blood flow in the vascular 
regions Is visualised or recorded by means of in- 
fra-red sensing devices. 

2. A diagnostic method according to claim 1 , charac- 2S 
terized in that the perfusing solution is a cardiop- 
legia solution or a vessel perfusion solution or a 
blood solution. 

3. A diagnostic method according to any of the pre- 30 
ceding daims, characterized in that the tempera- 
ture of the perfusing solution differs by at least 
5°C from the temperature of the surface of the 
heart 

35 

4. A diagnostic method according to claim 3, charac- 
terized in that the perfusing solution is &*C colder 
or wanmer than the surface of the heart 

40 



45 



so 



ss 



8 



EP0 439 018 A1 




EP 0 439 018 A1 




EP0 439 018 A1 




11 



B>0 439 018 A1 




12 



EP0 43d 018 A1 




EP 0 439 018 A1 



* 




EP 0 439 018 A1 




15 



EP0439 018A1 



EuropcAn Palent 
Office 



EUROPEAN SEARCH REPORT 



AypUcilIoi Nmite 



EP 91 10 0200 



DOCUMENTS CONSmERED TO BE RELEVANT 



Citatiori of docameat wzth tadicadu, where sppropriste, 
of rdcvut I 



R^v»ftC 
to dwm 



CLASSmCATTON OF THE 
APPUCATK>N Qbl CLS) 



Y 
A 



US-A-4 191 194 (T. WATANABE et a1.) 
* Column 1, lines 1-30; column 1, line 
60 - column 2, line 2; figure 1 * 



IEEE PROCEEDINGS OF THE 1ST 
INTERNATIONAL CONFERENCE ON PATTERN 
RECOGNITION, Washington, D.C., 30th 
October - 1st November 1973, pages 
89-105; R.S. LEDLEY: "Some clinical 
applications of pattern recognition" 

* Pages 91-92, section 3: 
"Thermography" * 

US-A-3 877 463 (J,D. CARY et al.) 

* Column 1, lines 19-68; column 2, 
lines 51-64; column 5, lines 17-36; 
column 7, lines 4-35 * 



A 61 B 5/028 
A 61 B 5/00 



1,3 



TECHNICAL FIELDS 
SEARCHED Ont Ct5) 



A 61 B 



The present search report has been ikwm ^ for sll cUins 



Ptaocof ttstk 

THE HAGUE 



wt f ii^ili t\m wl tte wtmtk 

12-04-1991 



FONTENAY P.H.E.V. 



CATEGORY OF CITED DOCUMENTS 

X : parti calirty rdevant If cakeo alone 

Y t puHpOufy ril«vast If coiabM with aootbcr 

CoconeM of tke sa&ie categoQr 
A : IccbsaloglGi! kackgnmad 
O t aoo-«rrltuo tfisdosore 
P : laieraadiste iocaoMnt 



T s ibcoty or princ^le aaMjias tbe UveotfoB 
E s cadtcr paiect ioconcat, but pafatisiied on, ok 

tfur the miog 4ate 
V r 4ocaia«Bi cit«< la tbe appOcattoa 
L : tfocamat dUA for other tcmsoms 

4k : fa t c r of tbe same patent faailly» comspoalbg 
<ocuncat 



16 



